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Objective: To establish the incidence of craniaI and cervical nerve injuries during CEA and their relationship to different 
surgical techniques and operative findings. 
Design: A prospective study. 
Patients and methods: From January 1994 to April 1995, 187 consecutive patients undergoing 190 CEAs were 
evaluated. Pre- and postoperative cranial and cervical nerve assessments were carried out by a single otolaryngologist, 
blinded to the operative technique and findings. Deficits lasting more than 12 months were defined as permanent. Logistic 
regression analysis was performed to evaluate the influence of surgical technique, type of anaesthesia, neck haematoma, 
and plaque extension on the onset of nerve injuries. 
Results: Postoperatively, nerve lesions were identified in 51 CEAs (27%) and non-neurological injuries (hemilaryngeal 
ecchymosis or oedema) causing postoperative dysphonia were present in 80 CEAs (42%). All non-neurological injuries 
were transient and 98% disappeared within 1 month of surgery. Thirteen (7%) nerve lesions were permanent, but none 
were disabling. Vagus nerve lesions were significantly associated with long (>2cm) carotid plaque (0R=3.5; CI 
1.09-12.37; p = 0.03). Cervical branch lesions were associated with the presence of neck haematoma (OR = 1.9; CI 0.7-4.7; 
p = 0.05). The incidence ofsingle cranial nerve injuries was higher in patch (OR = 2.7) and eversion (OR = 1.9) procedures 
than in primary closure. Multiple deficits (2 or more) were most frequent in eversion CEAs (0R=2.8) and in cases 
complicated by neck haematoma (OR =3.8). 
Conclusions: Cranial and cervical nerve lesions during CEA are common. However, our data showed that the majority 
of local complications are related to transient hemilaryngeal ecchymosis or oedema nd, when permanent, are neither 
clinically relevant nor disabling at 1 year of follow up. Carotid plaque extension and neck haematoma appear to increase 
the incidence of cranial and cervical nerve lesions during CEA. 
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Introduction 
Local neurological complications following CEA are 
not infrequent and may be the source of considerable 
discomfort and life-style deterioration. The reported 
incidence of cranial and cervical nerve lesions (CCNL) 
varies widely, from 5% 1 to 80% 2 , in different studies. 
This discrepancy may be related to the lack of stand- 
ardised evaluation of cranial nerve injuries and to 
different outcome methodologies. We prospectively 
analysed a series of 187 patients undergoing 190 CEAs 
to assess the incidence of CCNL, the influence of 
operative techniques on the onset of CCNL, and the 
relationship between CCNL and operative findings. 
Please address all correspondence to: P. Cao, Unita Operativa di
Chirurgia Vascolare, Policlinico Monteluce, Via Brunamonti, 06122 
Perugia, Italy. 
Patients and Methods 
From January 1994 and April 1995, 209 patients under- 
went 226 CEAs. Patients who did not complete the 
preoperative cranial nerve (CN) evaluation were 
excluded from the study, as were those requiring 
emergency CEA and those undergoing combined pro- 
cedures or operations for recurrent stenoses. The study 
cohort was comprised of 187 patients (190 CEAs). 
Mean age was 67.8 years (range 43-85 years); 78% 
were males. Indications for surgery, and operative 
details and findings are reported in Tables 1 and 2, 
respectively. One-hundred and eighty-two patients 
(96%) had a severe (between 70 and 99%) carotid 
stenosis, while 4% had a moderate (30-69%) stenosis. 
All patients underwent a vertical incision paralleling 
the anterior border of the sternocleidomastoid muscle. 
To avoid injury to the marginal mandibular branch of 
the facial nerve, the superior extent of the longitudinal 
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Table 1. Indications for surgery in 190 CEAs. 
No. % 
Symptomatic 92 48 
TIA 64 69 
Stroke 28 31 
Vertebro-basilar symptoms 5 3 
Asymptomatic 93 49 
Table 2. Operative details and findings in 190 CEAs. 
No. % 
Local anaesthesia 96 51 
Eversion CEA 130 68 
Standard CEA 60 32 
Patch 20 11 
Shunt 29 15 
Plaque xtension >2 cm 69 36 
incision was curved posteriorly toward the mastoid 
process. The platysma was divided and the middle 
cervical fascia was opened in the cervical plane. After 
ligation and division of the common facial vein, the 
common carotid artery sheath was entered and dis- 
section of the common, internal, and external carotid 
arteries was performed. To achieve distal control of 
the internal carotid artery and to avoid traction on 
the hypoglossal nerve, the descendens hypoglossi was 
routinely transected. 
The type of anaesthesia nd operative strategy 
(standard or eversion CEA, patch or primary closure) 
were selected on the basis of clinical findings and 
anatomy of the patients. 
Preoperative and postoperative cranial nerve assess- 
ment was carried out in all patients by a single oto- 
laryngologist (G.S.) blinded to the operative strategy 
and findings. Local anaesthesia was performed in 96 
(51%) patients. Direct measurement of the carotid 
plaque, beginning at the carotid bifurcation, was made 
intraoperatively with a centimetre scale properly en- 
graved in the surgical knife. Postoperative evaluation 
was carried out on day 2, and patients with CCNL 
were enrolled in a routine follow-up (1, 6, and 12 
months after surgery). Laryngoscopy was performed 
on all patients at each follow-up appointment. Specific 
attention was given to the evaluation of CN V, VII, IX, 
X, XI, and XII, branches of the cervical plexus and to 
non-neurological local complications (hemilaryngeal 
ecchymosis and oedema). The presence and severity 
of each deficit were defined according to a scoring 
system developed by the otolaryngologist (Table 3). 
To assess motor function of the facial nerve, the scheme 
of the American Academy of Otorhinolaryngology 
and Cervical Facial Surgery was employed. 3 Lesions 
persisting after 12 months were defined as permanent. 
Table 3. Standard form for ear, nose, and throat evaluation of 
cranial nerve injuries in 190 CEAs. 
Name Surname Age 
City Address 
Telephone 
Yes No 
CN V (trigeminus) 
CN VII (facial) 
CN IX 
(glossopharyngeal) 
CN X (vagus) 
CN XI (accessory) 
CN XII 
(hypoglossal) 
Hypoaesthetic auricle (2/3 inf.) 
House's grading* 
Bell's sign 
Negro's ign 
Facial hemispasm 
Solid food dysphagia 
Neuralgia 
Absence of vomiting reflex 
Middle pharynx muscular 
Hypogeusia (post. third of 
tongue) 
Hemipalatal hypotonia 
Dynamic ugula shifting 
Liquid food dysphagia 
Nasal reflux 
Vocal chord palsy 
Salivary stagnation hypopharynx 
Retrosternal malaise 
Pharyngo-esophageal sp sm 
Open posterior rhinolalia 
Food inhalation 
Rhinophony 
Insufficiency in shoulder raising 
Insufficiency in head rotation 
Tongue tip lateral shifting 
Tongue tip lateral shifting in 
protrusion 
Atrophy of half tongue 
Tongue fasciculation 
Cervical branches Hypoaesthetic auricle (1/3 sup.) 
Hemilaryngeal oedema 
Hemilaryngeal cchymosis 
* See reference 3. 
Residual disability was evaluated according to a modi- 
fied Rankin scale. 4
Anatomical details, surgical and anaesthesiological 
techniques related to CCNL were evaluated by Chi- 
squared (Yates corrected) analysis and Fisher's exact 
test when appropriate. Stepwise multivariate logistic 
regression analysis was used to identify the in- 
dependent predictors associated with the presence of 
CCNL. 
Results 
The perioperative (30 days) major stroke/death rate 
was 1% (2/190). Two (1%) patients had CN deficits 
on preoperative evaluation: one with a deficit of CN 
X, and the other with two dysfunctional nerves (CN 
VII and XII). In both cases the deficits were related to 
a prior non-disabling stroke. No additional deficits 
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Table 4. Incidence and persistence of CCNL in 190 CEAs. 
Time after surgery 
2 days 1 year 
Injuries No. % No. % 
CN V 18 9 8 4 
CN VII 23 12 2 1 
CN X 13 7 3 1 
CN XI 0 0 0 0 
CN XII 8 4 1 0.5 
Cervical branches 10 5 4 2 
were present at postoperative evaluation, and these 
two patients were considered negative for CCNL after 
surgery. 
At the first postoperative evaluation, CCNL were 
present in 51 (27%) CEAs: 32 showed lesions involving 
one nerve and 19 involving two or more nerves. Thirty- 
five CCNL (69%) occurred in patients who underwent 
surgery for symptomatic arotid stenosis. Hemi- 
laryngeal ecchymosis or oedema causing dysphonia 
were present in 80 CEAs (42%). The trigeminal nerve 
(CN V) was injured in 18 procedures (9%), the facial 
nerve in 23 (12%), and the vagus nerve in 13 CEAs 
(7%). The hypoglossal nerve was injured in eight cases 
(4%) and six out of eight lesions occurred in patients 
treated with eversion CEA. The cervical branches were 
damaged in 10 procedures (5%). No lesions of CN XI 
were reported. Fourteen (7%) of the 51 CEAs with 
postoperative CCNL were performed by standard 
CEA, whereas 37 (19%) by eversion CEA (OR=0.77; 
CI 0.35-1.68; p= 0.6). 
One month after surgery, CCNL persisted in 17% 
(24 single and eight multiple lesions, Table 4) of cases, 
yet the incidence of hemilaryngeal ecchymosis or oed- 
ema had dropped to 1%. One year after surgery, 7% (13 
procedures: nine single and four multiple lesions) of 
CCNL persisted (Table 4). Overall (single and multiple) 
permanent complications included eight lesions of CN 
V, two of CN VII, three of CN X, one of CN XII, and 
four of the cervical branches. No lesions were disabling, 
as assessed by the modified Rankin scale (R<3). 4
As displayed in Table 5, logistic regression analysis 
showed a significant association between plaque ex- 
tension (>2cm) and lesions of CN X (OR=3.5; CI 
1.09-12.37; p=0.03) and borderline significance be- 
tween neck haematoma requiring surgical revision 
and lesions to the cervical branches (OR = 1.9; CI 0.7- 
4.7; p = 0.05). Although not statistically significant, the 
following associations were observed: eversion CEA 
and CCNL (OR 1.9; CI 0.7-4.7; p=0.2), patch and 
CCNL (OR=2.7; CI 0.7-8.9; p=l) .  Multiple deficits 
were observed most frequently in patients treated by 
eversion technique (OR = 2.8; CI 0.6-14.2; p = 0.2) and 
in patients with neck hematoma (OR = 3.8; CI 0.2-55; 
p = 0.3). Table 5 reports the significance of additional 
variables. 
Discussion 
The rapid expansion of endovascular procedures in 
all facets of vascular surgery highlights the need for 
stringent and systematic quantification of complica- 
tions. Such quantification would be useful in com- 
paring the outcomes of both conventional and 
endovascular surgical techniques and thus would re- 
fine decision making in patients with vascular disease. 
With specific reference to carotid stenosis, all com- 
plications related to CCNL should be carefully ex- 
amined, since they are characteristic of the surgical 
procedure, while they may be avoided by the (yet to 
be validated) carotid PTA. Moreover, as the incidence 
of stroke following CEA decreases, local neurological 
deficits appear to be of significant concern. 
Although generally considered to be minor com- 
plications compared with central neurological mor- 
bidity, it should be acknowledged that CCNL can be 
a source of significant disability (swallowing deficits, 
problems with continence of fluids held in the mouth 
due to severe injury of the marginal mandibular branch 
of the facial nerve, etc.). Rarely, they may also represent 
life-threatening conditions, such as tracheal ob- 
struction for bilateral hypoglossal lesion s or bilateral 
palsy of the vocal cords. 
There is a remarkable discrepancy regarding the 
occurrence of CCNL in various studies. These range 
from <1% to 18% 2,6-7 for some retrospective r views 
and from 15% to 80% s 10 for other prospective reports. 
These discrepancies could be due to several factors: a 
bias toward underestimation of some retrospective 
studies because no pre- and postoperative CN assess- 
ment was available, 1 number of cranial nerves evalu- 
ated, different methods of reporting multiple injuries, 
and lack of standardisation i  reporting lesions. 
Our data showed an incidence of postoperative 
CCNL substantially higher than that of recent pro- 
spective reports, s'11-12 In this regard, it should be em- 
phasised that our preoperative and postoperative 
nerve evaluations were conducted according to a scor- 
ing system used by one otolaryngologist, and included 
CNs not usually examined, such as V and XI. Likewise, 
our overall postoperative complication rate included 
evaluation of lesions of the cervical branches detected 
through clinical examination (hypoaesthesia of the 
upper third of the auricle). These nerve lesions alone 
accounted for a postoperative complication rate of 
14.6%. Permanent lesions were found in the present 
series in 7% of the cases, as opposed to the reported 
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Table 5. Variables examined by logistic regression analysis for influence on CCNL in 190 CEAs at 2 days postoperatively. 
Independent variables Cervical Multiple 
CN V CN VII CN IX CN X CN XII branches lesions 
p HR p HR p HR p HR p HR p HR p HR 
Drainage 0.4 2.5 0.8 0.2 0.9 0.1 0.9 0.1 0.9 0.2 0.07 14.8 0.4 2.9 
Neck haematoma 0.4 3 0.8 0.2 0.9 0.1 0.9 0.9 0.9 0.4 0.05 21.2 0.3 3.8 
Plaque length (cm) 0.3 0.5 0.1 0.4 0.3 3.7 0.03 3.5 0.3 0.4 0.7 0.7 0.9 1 
Eversion CEA 0.5 1.5 0.8 1.1 0.5 0.4 0.5 1.7 0.1 9.8 0.8 5.2 0.2 2.8 
Local anaesthesia 0.9 1 0.4 1.4 0.6 0.5 0.4 1.7 0.5 0.6 0.4 0.5 0.8 1.1 
Patch 0.8 0.8 0.07 3.7 0.9 0.2 0.8 0.6 0.08 14.6 0.8 4.3 0.9 0.9 
Shunt 0.9 0.9 0.6 1.3 0.9 0.2 0.8 0.7 0.3 2.8 0.9 0.7 0.8 1.2 
incidence in the 1% range of those previous studies. 11'12 
However ,  if we exclude permanent  lesions f rom our 
series related to injuries of CN V and of the cervical 
branches (causing hypoaesthesia of the inferior 2 /3  
and of the superior 1 /3  of the auricle, respectively), 
our  permanent  compl icat ion rate wou ld  decrease to 
2.6%. 
Uniquely,  we also analysed non-neurological  in- 
juries ( laryngeal ecchymosis and oedema) and found 
that their incidence was remarkably  h igh (42%) and 
that they appeared not only in patients on endotracheal  
intubation, as demonstrated by Liapis et al. ~3 A possible 
explanation of the hemi laryngeal  oedema occurr ing 
on the operated side in patients who had undergone 
local anaesthesia may be the l igation of the tireo- 
l inguofacial t runk dur ing carotid dissection causing 
oedema f rom venous stasis. 
With respect to the surgical technique, there is a 
trend toward  developing nerve lesions in patients 
operated by eversion endarterectomy. A l though these 
data await conf irmation by a randomised and more 
homogeneous  study, we  believe that this could be due 
to the more extensive dissection of the internal carotid 
artery in eversion CEA. This could also explain the 
significant association between plaque extension and 
deficit of the vagus  nerve, and the six out of eight 
hypoglossal  lesions occurr ing in patients undergo ing 
eversion CEA. 
Our  incidence of hypoglossal  lesions (4%) compares 
favourably  with other s tud iesY  2-15 We believe that 
routine transection of the descendens hypoglossy plays 
an important  part, since it reduces the stretch on the 
nerve while retracting dur ing exposure of the distal 
internal carotid artery and facilitates cephalad mo-  
bility. The majority of hypoglossal  dysfunct ions in our 
series were transient (7/8) and presented only with 
deviat ion of the tongue to the ipsilateral side of the 
injury. 
In conclusion, local complications fol lowing CEA are 
quantitat ively important,  yet their clinical relevance is 
modest,  as is their impact on lifestyle. Hemi laryngeal  
ecchymosis and oedema are the most  frequent cause 
of postoperat ive dysphonia.  Patients with long carotid 
plaques and who undergo compl icated procedure s 
have an increased risk of developing CCNL. 
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